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.2013.04.0Abstract Lake Edku represents three habitats as (1) drainage habitat; (2) lake–sea connection,
which is considered the intermediate zone between Lake Edku and the Mediterranean Sea; and
(3) the body of Lake Habitat. Physicochemical characteristics such as water salinity and major con-
stituents (Ca++, Mg++, Na+, K+, CO3
, Cl and SO4
), were determined seasonally during
2009–2010 through four ﬁeld trips at nine locations and four drains (Edku, Bousaly, El-Khairy
and Berseek drains). Salinity differed between 3.56& during autumn and 8.80& during summer
with an annual average of 6.62&, while in drains salinity ranged between 1.99& during winter
and 6.69& during summer. The concentration of major cations is found in the order
Na+>Mg++ > Ca++>K+, while the concentration of the major anions is in the following
order: Cl> SO4
>CO3
. It was found that many of these ecological factors were impacted
seasonally.
ª 2013 Production and hosting by Elsevier B.V. on behalf of National Institute of Oceanography and
Fisheries.Introduction
Lake Edku is one of the northern coastal lakes in Egypt, lo-
cated at the western part of the Delta Nile (Magdy et al.,
2008). Lake Edku is situated approximately 30 km east of Alex-
andria between Long. 30803000 and 302300.000E and Lat.
311003000 and 31N. Its area has decreased from 28.5 · 103 to
about 12 · 103 Feddans as a result of agricultural reclamation.923090; fax: +20 34801553.
com (A.M. Abdel Halim).
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03The lake can be divided into three ill-deﬁned basins; eastern,
central and western. Lake Edku receives huge amounts of
drainage water from three main drains, namely, Edku, Bousaly,
El-Khairy and Berseek, which open into the eastern basin of the
lake (Okbah and El-Gohary, 2002). The drainage water con-
tains unspeciﬁed quantities of urban, industrial and agricul-
tural chemicals from the Beheira Governorate and beyond.
Based on the diffuse sources of pollution many chemicals from
human activities would be present in the drainage water. Most
of these chemicals would be at trace (less than ppb levels). Nev-
ertheless nothing is known of the synergistic effects on non-
targets of water containing trace levels of many chemicals.
Berseek Fish Farm and Lake Edku use this water for ﬁsh
production and it is considered essential that on-going research
examines the level of chemicals in the sediments and in verte-
brates and invertebrates, particularly in Lake Edku (Sainty,
1985). The maximum inﬂow from all drains is recorded duringational Institute of Oceanography and Fisheries.
14 A.M. Abdel Halim et al.summer, while the minimum is in winter. An amount of
3.3 · 106 m3 per day of brackish water is introduced into Abu
Qir Bay from Lake Edku through Boughaz El-Maadia (Nessim
and El-Deek, 1995). Different studies of the major constituents
of the coastal water in the Mediterranean Sea at different local-
ities have been studied (Nessim, 1988; Mahmoud, 1998; Nessim
et al., 2005; Hasan and Abdel-Halim, 2009). Many researchers
have studied the hydrographic and chemical characteristics of
Lake Edku water and sediments (Kinawy, 1974; Soliman,
1983; Saad, 1988; Moussa and El-Sayed, 1990; Shridah, 1992;
Abdel-Moati and El-Sammak, 1996; Shakweer et al., 1998;
Nour El-Din, 2000). The main sources of major ion to the Lake
water are mainly from non-sea salt with high levels may be re-
lated to anthropogenic activities, or from sea salt, where the
study area is connected with the Mediterranean Sea through
Boughaz El-Maadia (Mohamed and Hermine, 2005/2006).
The present work aims to study the effect of the different
drains on the major constituents (CO3
, Cl, SO4
,
Ca++, Mg++, Na+ and K+) in Lake Edku during four suc-
cessive seasons (2009–2010).
Materials and methods
Sampling
Sub-surface water samples were collected seasonally using Ne-
skin bottle during 2009–2010 through four ﬁeld trips from nine
locations and four drains representing Lake Edku and its
drains. Sampling stations covered different basins of the Lake
(Fig. 1).
Methods of analysis
Salinity was measured using CTD (YSI: 566). Chloride was
determined by titration against standardized AgNO3 (Mohr’s
titration method). Carbonates were determined against stan-
dardized HCl using methyl orange as indicator (Strickland
and Parsons, 1972). Sulphate is precipitated with barium in
acidic medium using glycerol–ethanol solution as a conditional
reagent. The sulphate is measured turbidimetrically with aFigure 1 Map showing the samplingspectrophotometer at wave length 420 nm (Rossum and
Villarruz, 1961). Sulphate concentrations are obtained from the
standard curve using different known concentrations. Calcium
and magnesium (total hardness) were determined titrimetrically
against standardized solution of EDTA, according to the method
mentioned in APHA (1995) standard method by using Erio-
chrome black-T as indicator and calcium was determined using
murexide in alkaline medium. Magnesium was estimated as a
difference between hardness and calcium value (APHA, 1995).
Sodium and potassium were determined spectrophotometrically
by using ﬂame photometer (Model Jenway PFP 7)Results and discussion
During summer 2009, salinity ﬂuctuated between 0.77 at sta-
tion 6 (which is the collection of drains Edku, Berseek and
Bousaly at Khairy drain) followed by 0.81 at station 7 and
1.74 at station 1 (seasonal average value of 0.1411). The low
salinity values indicate that the water content is fresh water
in the lake and the highest value at station 1 which is near to
El-Boughaz (the connection with Abu-Qir Bay). Sulphate dif-
fered between 0.232 g/l at station 6 and 0.338 g/l at station 4
with seasonal average of 0.3026 g/l. Carbonate ranged between
326 mg/l at station 7 and 600 mg/l at station 1 with seasonal
average of 411.11 mg/l (Fig. 2, Table 1). Ca++ ranged between
47.29 mg/l at station 3 and 60.92 mg/l at stations 4, 5 and 6
with seasonal average of 55.58 mg/l. Mg++ ranged between
46.66 mg/l at station 7 followed by 47.14 mg/l at station 6
and 245.32 mg/l at station 1 with seasonal average of
81.31 mg/l. Na+ which is the dominated cation in all stations
differed between 1.00 g/l at station 9 and 1.21 g/l at station 1
with seasonal average of 1.88 g/l. K+ ﬂuctuated between
11 mg/l at station 6 and 42 mg/l at station 1 with seasonal aver-
age of 20.778 mg/l as shown in Fig. 3. With respect to the
drains; it is noticed that salinity differed between 0.58 at
Khairy drain and 1.22 at Edku drain with seasonal average
of 0.883. Sulphate differed between 0.212 g/l at Khairy drain
and 0.355 g/l at Berseek drain (seasonal average of 0.2649 g/
l). Carbonate ranged between 270 mg/l at Bousaly drain and
430 mg/l at Edku drain with seasonal average of 349 mg/llocations in Lake Edku and drains.
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Figure 2 Distribution of different anions (Cl, CO3
––and SO4
) in Lake Edku water during 2009–2010.
Major constituents in Lake Edku water, Egypt 15(Fig. 2). Ca++ ﬂuctuated between 42.48 mg/l at Bousaly drain
and 66.53 mg/l at Berseek drain with seasonal average of
55.31 mg/l. Mg++ ranged between 38.88 mg/l at Khairy drain
and 66.58 mg/l at Edku drain with seasonal average of
51.27 mg/l. Na+ differed between 0.96 g/l at Khairy drain
and 1.01 g/l at Berseek drain with seasonal average of 0.99 g/
l. K+ ﬂuctuated between 11 mg/l at Khairy drain and 19 mg/
l at Berseek drain with seasonal average of 4.3679 mg/l
(Fig. 3).During autumn 2009, as shown in Table 1; it is noticed that
salinity ﬂuctuated between 0.9 at station 6 followed by 0.91 at
station 7 and 3.84 at station 1 (seasonal average value of 1.5).
Sulphate differed between 0.24 g/l at station 7 and 0.49 g/l at
station 1 (seasonal average value of 0.3248 g/l). Carbonate ran-
ged between 700 mg/l at both stations 5, 7 and 1250 mg/l at
station 2 with seasonal average of 916.67 mg/l (Fig. 2).
Ca++ ﬂuctuated between 59.11 mg/l at station 6 and
96.19 mg/l at station 1 with seasonal average value of
Table 1 Ranges and averages of different cations and anions in Lake Edku water during 2009–2010.
Station Ca++, mg/l Mg++, mg/l Na+, g/l K+, mg/l CaCO3
, mg/l SO4
, g/l Cl, g/l Salinity, ppt MgCO3
, mg/l
1 60.12–136.27 208.38–286.74 1.08–1.71 43.4–69 150–340 0.337–0.627 0.63–4.05 1.74–7.31 450–1180
106.41 252.45 1.35 52.8 265.5 0.501 1.25 4.97 899
2 50.50–160.32 66.58–451.98 1.09–1.8 20–70 126–400 0.333–0.648 0.51–6.37 1.21–11.06 274–1860
102.00 260.74 1.33 41.85 254.5 0.488 2.32 5.44 1073
3 47.29–78.56 68.53–153.09 0.95–1.26 22–37.8 118–196 0.324–0.374 0.54–1.25 1.2–1.8 282–630
66.53 104.13 1.07 29.45 166.0 0.342 0.24 1.49 428.5
4 60.92–84.17 55.89–153.09 0.61–1.32 20–38 152–210 0.285–0.358 0.55–0.9 1.15–1.7 230–630
70.74 96.35 1.00 26.5 176.5 0.329 0.12 1.36 396.5
5 60.92–72.14 53.95–126.36 0.62–1.28 19–36.8 152–180 0.303–0.334 0.4–1.1 1.16–1.35 222–520
68.54 78.37 0.99 25.2 171.0 0.313 0.24 1.21 322.5
6 56.11–72.14 42.77–208.98 0.45–1.24 11–33.5 152–180 0.232–0.276 0.33–0.8 0.07–1.15 176–860
64.33 91.73 0.94 19.6 160.5 0.262 0.15 0.96 377.5
7 53.71–68.14 46.66–179.82 0.53–1.21 13–36.8 134–170 0.239–0.301 0.32–0.6 0.81–1.16 192–740
63.33 87.36 0.96 22.2 158.0 0.265 0.07 0.99 359.5
8 47.29–144.29 63.67–288.68 1.0–1.90 17–70 118–360 0.259–0.4975 0.42–0.85 0.94–7.92 262–1188
81.96 139.12 1.29 35.25 204.5 0.330 0.15 2.84 572.5
9 58.52–198.00 56.86–547.24 1.0–2.78 20–103 146–494 0.309–0.692 0.47–8.0 1.12–14.73 234–2252
102.2 230 1.55 51.3 255.0 0.498 2.65 7.9 946.5
Edku 62.52–80.16 63.18–174.96 0.7–1.23 17–37.9 156–200 0.271–0.339 0.55–1.1 1.22–2.24 260–720
72.74 94.04 1.00 24.98 181.5 0.301 0.15 1.73 387
Bersik 66.53–91.38 59.78–145.80 0.65–1.29 19–37.6 166–228 0.355–0.400 0.44–1.3 1.08–1.71 246–600
80.56 86.39 0.98 25.65 201.0 0.381 0.26 1.41 355.5
Khairy 49.70–68.14 30.62–97.20 0.29–1.18 11–37.3 124–170 0.212–0.294 0.18–0.70 0.58–0.85 126–400
58.72 54.43 0.85 20.08 146.5 0.247 0.18 0.68 224
Bousaly 42.48–68.14 38.88–89.91 0.43–1.23 Dec-36 106–170 0.219–0.273 0.3–1.05 0.65–0.96 160–370
56.11 53.7 0.89 20.3 140.0 0.236 0.26 0.65 221
16 A.M. Abdel Halim et al.71.25 mg/l. Mg++ ranged between 126.36 mg/l at station 5
and 255.15 mg/l at station 2 with seasonal average value of
92.44 mg/l. Na+ ranged between 0.99 g/l at both stations 5,
7 and 1.24 g/l at station 1 with seasonal average of 1.04 g/l.
K+ ﬂuctuated between 15.00 mg/l at both stations 6, 7 and
46.00 mg/l at station 1 with seasonal average of 23.44 mg/l
(Fig. 3). It was noticed that; during autumn, SO4
, CO3
,
Ca++, Mg++ and K+ showed higher values when compared
to those of summer. With respect to the drains; it was noticed
that, salinity differed between 0.68 at Khairy drain and 1.38 at
Edku drain with seasonal average of 1.07. Sulphate differed
between 0.2195 g/l at Bousaly drain and 0.3915 g/l at Berseek
drain (seasonal average of 0.2921 g/l). Carbonate ranged be-
tween 500 mg/l at Bousaly drain and 900 mg/l at Edku drain
with seasonal average of 687.5 mg/l (Fig. 2). It was noticed
that the carbonate content was doubled during autumn with
respect to summer. Ca++ ﬂuctuated between 52.1 mg/l at
Bousaly drain and 80.16 mg/l at Berseek drain with seasonal
average of 66.13 mg/l. Mg++ ranged between 97.2 mg/l at
Khairy drain and 175 mg/l at Edku drain with seasonal aver-
age of 127.00 mg/l. Na+ differed between 0.94 g/l at Khairy
drain and 1.04 g/l at Edku drain with seasonal average of
1.00 g/l. K+ ﬂuctuated between 15.00 mg/l at Khairy drain
and 21.00 mg/l at Berseek drain with seasonal average of
17.80 mg/l (Fig. 3).
During winter 2010, it was noticed that station 2 showed
the highest values for all studied parameters (except for SO4

and Na+) followed by station 1 (Table 2), then all the rest of
the stations showed very low content values with respect to
both stations 1 and 2 except for Na+ and K+ content values.
This may be attributed to the turbulence occurred in Lake
Edku during winter season in 3–9 stations. Salinity ﬂuctuatedin a wide range which differed from two ranges; the ﬁrst was
between 1.15 at station 6 followed by 1.16 at both stations 5,
7 and 1.7 at station 4 carrying between them all stations from
3 to 9, while the other one was between 6.98 at station 1 and
11.06 at station 2 with seasonal average of 4.51 for all stations.
Sulphate ﬂuctuated between 0.276 g/l at station 6 and 0.69 g/l
at station 9 (seasonal average of 0.34 g/l). Carbonate ranged
between 440 mg/l at station 7 and 2260 mg/l at station 2 with
an average of 828.89 mg/l (Fig. 2). Ca++ ﬂuctuated between
68.14 mg/l at station 7 and 160.32 mg/l at station 2 with sea-
sonal average of 53.21 mg/l. Mg++ ranged between
65.61 mg/l at station 7 and 451.98 mg/l at station 2 with sea-
sonal average of 116.64 mg/l. Na+ differed between 1.21 g/l
at station 7 and 1.38 g/l at station 1 with seasonal average of
1.292 g/l. K+ ﬂuctuated between 33.5 mg/l at station 6 and
54.3 mg/l at station 9 with seasonal average value of
40.67 mg/l (Fig. 3).
Based on the drains; it was noticed that salinity ranged be-
tween 0.85 at Khairy drain and 2.24 at Edku drain with sea-
sonal average of 1.4375. Sulphate ﬂuctuated between
0.2725 g/l at Bousaly drain and 0.400 g/l at Berseek drain (sea-
sonal average of 0.33 g/l). Carbonate ranged between 360 mg/l
at Bousaly drain and 500 mg/l at Berseek drain with seasonal
average of 425 mg/l (Fig. 2). Ca++ ﬂuctuated between
68.14 mg/l at both Bousaly and Khairy drain and 84.17 mg/l
at Berseek drain with seasonal average of 75.15 mg/l. Mg++
ranged between 46.17 mg/l at Bousaly drain and 70.47 mg/l
at Berseek drain with seasonal average of 57.71 mg/l. Na+ dif-
fered between 1.18 g/l at Khairy drain and 1.29 g/l at Berseek
drain with seasonal average of 1.23 g/l. K+ ﬂuctuated between
36 mg/l at Bousaly drain and 37.9 mg/l at Edku drain with sea-
sonal average of 37.2 (Fig. 3).
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Figure 3 Distribution of different cations (K+, Na+, Ca++ and Mg++) in Lake Edku water during 2009–2010.
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Table 2 Seasonal and annual average values of different parameters in Lake Edku water during 2009–2010.
Stations Salinity Cl, g/l SO4
, g/l CO3
, mg/l Ca++, mg/l Mg++, mg/l Na+, g/l K+, mg/l
Summer 0.14 0.48 0.30 411.11 55.58 81.31 1.88 20.8
Autumn 1.5 1.08 0.33 916.67 71.25 179.54 1.04 23.4
Winter 4.51 1.64 0.43 828.89 90.85 146.34 1.29 40.7
Spring 4.91 2.29 0.42 1037.56 105.01 188.46 1.26 49.1
Annual average 2.77 1.37 0.37 798.56 80.67 148.91 1.37 33.5
18 A.M. Abdel Halim et al.During spring 2010, it was noticed that station 9 showed
the highest values for all studied parameters. Salinity ﬂuctu-
ated widely comprising two ranges; the ﬁrst was ﬂuctuated be-
tween 1.02 at station 6 followed by 1.06 at station 7 and 1.8 at
station 3 carrying between them all stations from 3 to 7, while
the other one was ﬂuctuated between 7.31 at station 1 and
14.73 at station 9 with seasonal average of 4.91 for all stations.
Sulphate differed between 0.29 g/l at station 6 followed by
0.28 g/l at station 7 and 0.62 g/l at station 9 (seasonal average
value of 0.42). Carbonate ranged between 346 mg/l at station 6
and 2746 mg/l at station 9 with seasonal average of
1037.56 mg/l (Fig. 2). Ca++ ﬂuctuated between 67.33 mg/l at
station 7 and 198.00 mg/l at station 9 with seasonal average va-
lue of 105.01 mg/l. Mg++ ranged between 42.77 mg/l at sta-
tion 6 and 547.24 mg/l at station 9 with seasonal average
value of 188.46 mg/l. Na+ differed between 0.45 g/l at station
6 and 2.78 g/l at station 9 with seasonal average value of
1.26 g/l. K+ ﬂuctuated between 19 mg/l at station 6 and
103 mg/l at station 9 with seasonal average value of 49.1 mg/
l (Fig. 3).
Based on the drains; it was noticed that salinity ranged be-
tween 0.62 at Khairy drain and 2.09 at Edku drain with sea-
sonal average of 1.29. Sulphate differed between 0.23 g/l at
Bousaly drain and 0.38 g/l at Berseek drain (seasonal average
of 0.28 g/l). Carbonate ranged between 268 mg/l at Khairy
drain and 514 mg/l at Berseek drain with an average of
395 mg/l (Fig. 2). Ca++ ﬂuctuated between 56.91 mg/l at
Khairy drain and 91.38 mg/l at Berseek drain with seasonal
average value of 71.54 mg/l. Mg++ ranged between
30.62 mg/l at Khairy drain and 71.44 mg/l at Edku drain with
average value of 52.61 mg/l. Na+ differed between 0.29 g/l at
Khairy drain and 0.7 g/l at Edku drain with average value of
0.52. K+ ﬂuctuated between 17 mg/l at Khairy drain and
26 mg/l at Edku drain with seasonal average of 21.5 (Fig. 3).
The correlation relation between Ca++ and the studied an-
ions (Cl, SO4
 and CO3
) showed a strong positive signif-
icant correlation with CO3
 during all seasons (r= 0.999,
n= 13, p< 0.05) and during all the year (r= 0.999,
n= 52, p< 0.05). Ca++ strongly positively correlates with
Cl during winter, autumn and spring (r= 0.986, 0.827 and
0.864, respectively n= 13, p< 0.05) and it showed a weak po-
sitive correlation with Cl all the year (r= 0.668, n= 52,
p< 0.05). The correlation relation between Ca++ and SO4

showed a strong positive signiﬁcant correlation during au-
tumn, spring and winter (r= 0.943, 0.915 and 0.753, respec-
tively, n= 13, p< 0.05) and it showed a strong positive
correlation with SO4
 all the year (r= 0.824, n= 52,
p< 0.05). The regression equation between Ca++ and the
studied anions is given as:
Caþþ ¼ 0:4CO3  0:0005SO4  0:0002Cl  0:0033The relation between Mg++ and the studied anions re-
vealed that, Mg++ is highly signiﬁcantly and positively corre-
lated with CO3
 followed by chloride (r= 0.897 and 0.672,
respectively, n= 13, p< 0.05) during summer. During au-
tumn, Mg++ strongly positively correlated with CO3

(r= 0.999, n= 13, p< 0.05). In winter, Mg++ is highly sig-
niﬁcantly positively correlated with CO3
, followed by chlo-
ride (r= 0.999, 0.995, n= 13, p< 0.05)). During spring,
Mg++ strongly positively correlated with all studied anions
as follows; with CO3
 (r= 0.999) followed by chloride
(0.917), then SO4
 (r= 0.913) (n= 13, p< 0.05). In general,
Mg++ positively correlated with Cl, SO4
 and CO3

(r= 0.741, 0.726 and 0.984, respectively, n= 52, p< 0.05)
with a regression equation:
Mgþþ ¼ 2:4Cl  1:6SO4 þ 0:2CO3 þ 3:5
Na+ showed a positive correlation with carbonate
(r= 0.709) followed by chloride (r= 0.610) (n= 13,
p< 0.05) during summer. Na+ showed a strong positive
correlation with chloride (r= 0.904) followed by SO4

(r= 0.589) (n= 13, p< 0.05) during autumn, while in
winter; Na+ positively correlated with SO4
 (r= 0.841)
(n= 13, p< 0.05). During spring, Na+ strongly corre-
lated with carbonate positively (r= 0.989) followed by
SO4
 (r= 0.947) then Cl (r= 0.886) (n= 13,
p< 0.05). In general Na+ showed a signiﬁcant positive
correlation with Cl, SO4
 and CO3
 during the year
(r= 0.640, 0.648 and 0.713, respectively, n= 52,
p< 0.05) and the regression equation is:
Naþ ¼ 0:03Cl þ 0:06SO4 þ 0:0003CO3 þ 0:05
K+ showed a strong signiﬁcant positive correlation
with CO3
 during warm seasons (summer and spring)
as r= 0.926 and 0.987, respectively; while it showed a
moderate positive correlation with CO3
 during cold sea-
sons (autumn and winter) as r= 0.626, 0.604 (n= 13,
p< 0.05). Strong positive signiﬁcant correlations between
K+ and SO4
 were deduced during spring, winter and
summer (r= 0.955, 0.934 and 0.908, respectively n= 13,
p< 0.05). The correlation between K+ and Cl showed
positive signiﬁcant values during autumn, spring and sum-
mer (r= 0.911, 0.896 and 0.830, respectively n= 13,
p< 0.05). In general, K+ showed a signiﬁcant positive
correlation with SO4
and CO3
 during the year
(r= 0.802 and 0.735, respectively, n= 52, p< 0.05) and
the regression equation between K+ and the studied an-
ions is:
Kþ ¼ 8:9SO4 þ 0:01CO3  0:2Cl þ 3:30
Table 3 Seasonal and annual average values of different parameters in the drains of Lake Edku during 2009–2010.
Drains Salinity Cl, g/l SO4
, g/l CO3
, mg/l Ca++, mg/l Mg++, mg/l Na+, g/l K+, mg/l
Summer 0.883 0.37 0.27 349.00 55.31 51.27 0.99 14.8
Autumn 1.0700 1.04 0.29 687.50 66.13 126.97 1.00 17.8
Winter 1.4375 0.54 0.33 425.00 75.15 57.71 1.23 37.2
Spring 1.2900 0.55 0.28 395.00 71.54 52.61 0.52 21.5
Annual average 1.1701 0.63 0.29 464.13 67.03 72.14 0.94 22.8
Major constituents in Lake Edku water, Egypt 19Owing to statistical analysis as well as Table 2, which illus-
trates the seasonal and annual averages of the studied ions, it
was observed that summer showed the lowest values of SO4
,
CO3
, Ca++, Mg++, K+, MgCO3, K2CO3, MgSO4, CaSO4
and CaCl2, and shows the highest values salinity, Cl
 and
Na+. Spring shows the highest values of CO3
, Ca++,
Mg++, K+, K2CO3
, Na2CO3
, K2SO4 and Na2SO4.The
seasonal and annual averages of the studied parameters in
the drains of Lake Edku are represented in Table 3.
Comparing the average values with previous studies for
Lake Edku; it was found that, the present study illustrated
that; Ca++ ﬂuctuated between 55.58 and 105.01 mg/l,
Mg++ differed between 81.31 and 188.46 mg/l, Na+ ranged
between 1.04 and 1.88 g/l and K+ differed between 20.8 and
49.1 mg/l while Okbah and Tadros (2005/2006) stated that
Ca++ ranged between 23.8 and 217.4 mg/l, Mg++ differed
between 52.2 and 348.1 mg/l, Na+ ﬂuctuated between 45.1
and 721.1 mg/l and K+ ranged between 21.1 and 85.0 mg/l.
With respect to the anions; in the present study Cl ﬂuctuated
between 0.12 and 2.65 g/l, carbonate differed between 411.11
and 1037.56 mg/l and SO4
 ranged between 0.2619 and
0.5008 g/l while Okbah and Tadros (2005/2006) found that
Cl differed between 613.8 and 1670.3 mg/l, total carbonate
ﬂuctuated between 172.7 and 458.2 mg/l and SO4
 ranged be-
tween 102.7 and 169.9 mg/l.
Generally, comparison study showed that, in the present
study the cation contents (Ca++, Mg++, and K+) decrease
with respect to those of Okbah and Tadros, 2005/2006 which
may be attributed to the impact of drains on the Lake water,
while Na+ values content in present study increases when
compared to those of Okbah and Tadros, 2005/2006 which is
attributed to the connection of Lake Edku with seawater that
entered the Lake through Boughaz El-Maadia.
By comparison of the results of the drains obtained in the
present study with the published data, it was concluded that
the present values differed slightly from those given by Hemaida
et al., 2007 for some drains off the coast of Alexandria.
Conclusion
 The major cation concentrations are in the order
Na+ >Mg++> Ca++ >K+, while the major anion
concentrations are in the following order: Cl> SO4
>
CO3
.
 The regression equations between each cation and the
anions are found to be as follows:Caþþ ¼ 0:4CO3  0:0005SO4  0:0002Cl  0:0033
Mgþþ ¼ 2:4Cl  1:6SO4 þ 0:2CO3 þ 3:5
Naþ ¼ 0:03Cl þ 0:06SO4 þ 0:0003CO3 þ 0:05
Kþ ¼ 8:9SO4 þ 0:01CO3  0:2Cl þ 3:30 The measured major ions showed signiﬁcant variations in
the drains in the study area which affect directly the major
ions constitution of the Lake water.Acknowledgment
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